Abstract-This paper presents an overview of selected new modelling algorithms and capabilities in commercial software tools developed by TICRA. A major new area is design and analysis of printed reflectarrays where a fully integrated design environment is under development, allowing fast and accurate characterization of the reflectarray element, an initial phaseonly synthesis, followed by a full optimization procedure taking into account the near-field from the feed and the finite extent of the array. Another interesting new modelling capability is made available through the DIATOOL software, which is a new type of EM software tool aimed at extending the ways engineers can use antenna measurements in the antenna design process. The tool allows reconstruction of currents and near fields on a 3D surface conformal to the antenna, by using the measured antenna field as input. The currents on the antenna surface can provide valuable information about the antenna performance or undesired contributions, e.g. currents on a cable, can be artificially removed. Finally, the CHAMP software will be extended to cover reflector shaping and more complex materials, which combined with a much faster execution speed will make CHAMP an ideal tool for design and optimization of compact rotationally symmetric reflector systems, e.g., maritime satellite terminals.
I. INTRODUCTION
TICRA offers a range of dedicated EM modelling tools that each represents the commercial state-of-the-art in their area. The tools are aimed at expert users that require high speed and ease-of-use, which can only be reached by a tool targeted for a specific antenna type and application area. This contribution discusses recent developments and extended modelling capabilities in three selected software tools and application areas: Analysis and optimization of reflectarrays, antenna diagnostics and processing of measured fields in DIATOOL, and synthesis of rotationally symmetric high-gain reflector systems using CHAMP.
II. ANALYSIS AND DESIGN OF PRINTED REFLECTARRAYS
Analysis of reflectarrays is a major new modelling capability under development. Currently available commercial tools allow evaluation of the single-element phase response in a periodic environment but the remaining tasks needed in the design of reflectarrays are typically not addressed. The typical design process is then limited to a phase-only synthesis of the element sizes and a subsequent evaluation of the reflectarray radiation pattern, often using a general full-wave tool leading to a computation time measured in hours. This process often leads to sub-optimal designs or requires substantial in-house software developments by the antenna designer. TICRA's reflector antenna tools will soon be enhanced with an accurate and fast analysis technique for printed reflectarrays, which is not limited to extraction of the single element phase response. The reflectarray analysis will be integrated in the general purpose reflector software GRASP, which greatly enhances the possible modelling scenarios. Typical examples include combinations of solid reflectors and reflectarrays, high-level feed models or import of a measured feed field, as well as accurate evaluation of undesired effects such as strut scattering or scattering in the feed structure.
The reflectarray analysis is based on a higher-order spectraldomain Method of Moments suitable for periodic structures. The basis functions are higher-order Legendre basis functions [1] , which have two distinct advantages in comparison with typical low-order functions: The number of unknowns is reduced and the large support in the spatial domain leads to a narrow Fourier spectrum, thus reducing the number of Floquet modes required for a given accuracy. In addition, the algorithm employs an accurate radiation pattern evaluation [2] , which also allows the finite extent of the array to be included. These new developments result in a method that is fast enough for optimization, while still maintaining a high degree of accuracy, which is often comparable to the accuracy obtained by full-wave solvers. The performance of the algorithm has been tested on the reflectarray sample shown in Figure 1 . The radiation patterns were measured at the DTU-ESA Spherical Near-Field Test Facility and a comparison between the measured and the predicted pattern is shown in Figure 2 , where an excellent agreement can be observed. The new capabilities will allow an improved reflectarray design procedure involving the following steps: 1) Characterization of the reflectarray element phase response using the fast and accurate algorithm described above. 2) Initial phase-only synthesis.
3) Full optimization of the element sizes, taking into account both amplitude and phase, the finite extent of the array, actual incidence angle, and possibly irregular grid arrangement. 4) Evaluation of parasitic effects, such as strut scattering and feed blockage. Steps 1-3 are performed automatically by the software, which greatly enhances the productivity of the antenna designer. The software allows reflectarrays with irregular grids and the optimization procedure determines the optimal grid arrangement. An example reflectarray optimized for a contoured beam coverage over Europe is shown in Figure 3 , see [3] for details. 
III. PROCESSING OF MEASURED FIELDS USING DIATOOL
The recent scientific developments in the area of inversesource methods have enabled the introduction of a new kind of commercial EM modelling tool. TICRA has released the software package DIATOOL, which performs a 3D reconstruction of conformal antenna currents based on measured fields. This capability opens up a range of applications, e.g., antenna diagnostics where errors can be located by inspection of the reconstructed surface currents. In addition, the software allows engineers to perform advanced pattern filtering by artificial removal of undesired features, such as cancellation of currents flowing on support structures or cables. The innovative 3D source reconstruction method is based on the higher-order inverse Method of Moments described in [4] - [5] .
DIATOOL guides the user through the following phases in the reconstruction process:
1) Import of measured fields through one of several supported file formats, including formats compatible with major vendors of measurement ranges, e.g., MI Technologies and NSI. 2) Definition of the reconstruction surface. Several simple built-in models are available (boxes, spheres, cylinders, etc.) but arbitrary shapes may be imported as CAD files or as a meshed geometry. 3) Definition of special properties on some parts of the reconstruction surface, e.g., perfect conductivity, a zerofield condition, or zero radiation for filtering purposes. 4) Definition of additional derived outputs, e.g., filtered noise-free patterns radiated by the reconstructed currents. The DIATOOL software has been validated through several practical cases reported in [6] , [7] . An additional example involving a typical antenna diagnostics procedure is reported below. The antenna under test is the 6 × 7 slot array shown in Figure 4 , suffering from two independent problems: A row-wise excitation problem of the slots and an intentionally covered slot. The radiation pattern was measured at the DTU-ESA Spherical Near-Field Test Facility and used as input to the DIATOOL software. The amplitude and phase of the copolarized field on the top surface are reported in Figure 4 where slot rows 2 and 3 appear with an unexpected strong excitation, thus clearly revealing the excitation problem. The covered slot can also be identified, in particular in the phase plot where the a distinct phase difference is observed between the area containing the covered slot and the surrounding area.
IV. DESIGN AND OPTIMIZATION OF ROTATIONALLY SYMMETRIC REFLECTOR SYSTEMS
The emerging satellite services in Ka-band have spawned a considerable interest in rotationally symmetric compact reflector systems. These compact systems often include a very tight integration of feed, subreflector, and main reflector, or alternatively a single-reflector system with a backward radiating feed of the top-hat type. The tight integration of the system components and the common use of dielectric support structures imply that an accurate full-wave model is needed. At the same time, the electrical size of the configuration makes it impossible to optimize the antenna performance using a general full-wave software package. CHAMP is a dedicated software package for design of corrugated feeders and is widely recognized for it's speed and accuracy. The horn analysis is based on mode-matching, which enables analysis of even complex corrugated feed geometries in a few seconds. CHAMP also offers a very powerful optimization framework where the feed geometry can be optimized in an hierarchical way, starting from a high-level model using very few parameters, and ranging to a fine-grained model with a large number of degrees of freedom. CHAMP includes a body-ofrevolution MoM (BOR-MoM) for analysis of the horn exterior and/or a sub reflector. This BOR-MoM code has now been completely re-engineered to greatly enhance the modelling speed and accuracy for compact reflector systems, including a possible dielectric support structure. The new BOR-MoM code uses higher-order hierarchical basis functions [1] and smooth curvilinear patches to accurately represent curved surfaces. The rigorous coupling of the new higher-order BORMoM and CHAMPs existing mode-matching engine leads to a typical runtime of 2-3 seconds for a full-wave model of a compact reflector system. Reflector-shaping based on splines has also been implemented and CHAMP therefore integrates all the required functionality in a single tool. Compact rotationally symmetric reflector systems can now be synthesized by simultaneous optimization of the horn profile, dielectric support structure, subreflector shape, and main reflector shape. The desired performance can easily be defined by taking advantage of several built-in optimization goals, e.g., return loss, maximum directivity, side-lobe suppression, or crosspolar radiation.
An example of a compact reflector antenna optimized with CHAMP is shown in Figure 5 . The antenna includes a highly shaped main reflector with a diameter of 25 wavelengths, a stepped sub-reflector, and a dielectric support structure. All parameters have been optimized to meet stringent requirements on return loss, side lobes, and cross-polar radiation. 
V. CONCLUSIONS
We have described several recent and on-going developments in TICRA's commercial software packages:
• Analysis and design of printed reflectarrays is a major new capability, which is not well supported in currently available commercial software packages. TICRA is now developing a reflectarray design tool combining a newly developed accurate and fast analysis technique with powerful optimization features.
• DIATOOL is a new type of EM modelling software that allows reconstruction of 3D currents and fields on the surface of an antenna, using a measured antenna pattern as input. Typical application areas are antenna diagnostics and pattern filtering by artificial removal of undesired contributions.
• Design of compact rotationally symmetric reflector systems require a fast and accurate full-wave model. TICRA has therefore developed a new higher-order BOR-MoM solver that allows typical systems to be analyzed in a few seconds. The high analysis speed allows numerical optimization of all geometrical parameters, including splinebased shaping of reflector profiles. The updated CHAMP software rigorously combines the new BOR-MoM solver with the existing mode-matching analysis core, which makes CHAMP an ideal design tool for compact reflector antennas such as axially displaced reflectors and reflectors with hat-feeds.
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